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Several years ago, G. Brodin, A. P. Misra, and M.
Marklund considered ”Spin Contribution to the Pondero-
motive Force in a Plasma” [1]. They applied a two fluid
model of electron gas where spin-up and spin-down elec-
trons are considered as two different species. For each
species of electrons they used the continuity equations,
the Euler equations and the spin evolution equations co-
inciding with the equations obtained for single fluid de-
scription of electrons. This approach, however, appears
to be incorrect.
Single fluid quantum model of electrons results from
the Pauli equation [2], or, more precisely, from the many-
particle Pauli equation [3], [4].
The single particle Pauli equation presents the evolu-
tion of the two-component spinor wave function ψ de-
scribing the probability of the electron to have a spin
directed ”up” or ”down” (parallel or anti-parallel to the
external magnetic field). A similar, but rather more com-
plicate, situation can be observed in many-particle sys-
tems of spin-1/2 particles. The fluidisation of the many-
particle model [3] leads to a model which, under the self-
consistent field approximation and with no explicit ac-
count of thermal evolution, such as time evolution of the
energy density or pressure, reveals in a set of equations
similar to the single particle case [2]. Thus, if we want to
capture the main properties of the two-fluid (separated
spin-up and spin-down) model of electrons we can use
the single particle Pauli equation.
If we want to trace the evolution of spin-up and spin-
down electrons separately we should consider ψu and ψd
separately as well. Each of the one component wave func-
tions defines the concentration of electrons nu = ψ
∗
uψu
and nd = ψ
∗
dψd, whereas the full concentration n =
nu + nd = ψ
+ψ. Starting with these definitions of con-
centrations for spin-up and spin-down electrons we can
perform a two-fluid fluidization of the Pauli equation.
The numbers of spin-up and spin-down electrons are
conserved in the absence of the spin-spin interaction. The
spin-spin interaction leads to the nontrivial evolution of
the spin densities Sx and Sy. In this comment we do
not consider the effects related to the nonconservation of
numbers of spin-up and spin-down electrons.
While the z-projection of spin density Sz of electrons
is not an independent variable in this model, Sz appears
as the difference between the concentrations of electrons
with different projections of spin Sz = nu−nd due to its
definition Sz = ψ
+σzψ.
The spin-up and spin-down directions are related to a
preferable direction in space. If we have a strong uniform
external magnetic field, its direction can be taken as a
preferable direction. This field reveals in z-projection of
the magnetic field Bz in the Pauli equation. However,
the propagation of an electromagnetic wave parallel to z
axis creates Bx and By as well.
Considering the time evolution of the probability den-
sities nu and nd we derive the continuity equations
∂tns + ∇ · (nsvs) = 0. They show the conservation of
the particle number. The Euler equation arises as
(∂t+vs·∇)vs+∇ps
mns
− h¯
2
2m2
∇
(△√ns√
ns
)
=
qe
m
(
E+
1
c
[vs,B]
)
+ (−1)is µ
m
∇Bz + µ
2mns
(Sx∇Bx + Sy∇By), (1)
where qe = −e, µ = −µB, with µB = eh¯/(2mc) being
the Bohr magneton, and iu = 0, id = 1.
We have used the notations Sx = ψ
∗σxψ and Sy =
ψ∗σyψ in the equation (1). Sx and Sy appear as mixed
combinations of ψu and ψd. Sx and Sy describe the si-
multaneous evolution of both species and do not wear
subindexes u and d. The spin evolution is described by
∂tS
α = 2µ
h¯
εαβγSβBγ , where α stands for x, y, whereas
β, γ = x, y, z, and Sz = nu − nd.
We found that the ponderomotive forces acting on
spin-up and spin-down electrons
Fs = ±µ
2
2h¯
nu − nd
ns
∂z | B± |2
ω ∓ Ω (2)
have the same sign for the spin-up and the spin-down
electrons. This force depends on the polarisation of the
light and the rate of the spin polarisation of the medium.
The module of the force is found to be four times smaller
than the result of the Ref. [1].
We conclude that Brodin et al. [1] started with the in-
correct model of the separate description of the spin-up
and the spin-down electrons. As a result, they obtained
the incorrect generalisation for the ponderomotive force.
The correct model and the correct expression for the pon-
deromotive force of the zeroth order are presented in this
comment.
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